Left ventricular cineangiography was performed in 37 patients with mitral regurgitation. Twenty-one patients had rheumatic mitral valve disease determined by careful surgical and pathologic examination, 10 had papillary muscle dysfunction, and six had chordae tendineae rupture. Fourteen of the 16 patients considered to have nonrheumatic mitral regurgitation were confirmed surgically; the other two patients developed mitral regurgitation acutely following myocardial infarction. Cineangiograms were evaluated for valve calcification, appearance and mobility of mitral valve leaflets, character of the regurgitant jet, and ventricular contractility. By these criteria, rheumatic mitral regurgitation was distinguished from papillary muscle dysfunction and chordae tendineae rupture in every case. A correct diagnosis of papillary muscle dysfunction was made when focal areas of myocardial dysfunction, determined by comparing tracings of end-systolic and end-diastolic cine frames, occurred at the base of the papillary muscle. However, half the cases of papillary muscle dysfunction had apparently normal contractility. The involved leaflet was correctly identified in the six cases of chordae tendineae rupture.
SUMMARY
Left ventricular cineangiography was performed in 37 patients with mitral regurgitation. Twenty-one patients had rheumatic mitral valve disease determined by careful surgical and pathologic examination, 10 had papillary muscle dysfunction, and six had chordae tendineae rupture. Fourteen of the 16 patients considered to have nonrheumatic mitral regurgitation were confirmed surgically; the other two patients developed mitral regurgitation acutely following myocardial infarction. Cineangiograms were evaluated for valve calcification, appearance and mobility of mitral valve leaflets, character of the regurgitant jet, and ventricular contractility. By these criteria, rheumatic mitral regurgitation was distinguished from papillary muscle dysfunction and chordae tendineae rupture in every case. A correct diagnosis of papillary muscle dysfunction was made when focal areas of myocardial dysfunction, determined by comparing tracings of end-systolic and end-diastolic cine frames, occurred at the base of the papillary muscle. However, half the cases of papillary muscle dysfunction had apparently normal contractility. The involved leaflet was correctly identified in the six cases Circulation, Volume XLIV, December 1971 jet. An evaluation of left ventricular contractility was useful in identifying cases of papillary muscle dysfunction. The remaining five features were judged by us to be of no diagnostic value in distinguishing rheumatic from nonrheumatic mitral insufficiency, although the magnitude of the regurgitant jet was an indicator of the severity of the lesion.
Calcification
Ten of the 21 rheumatic valves had radiographically visible calcifications by cine examination. None of the 16 patients with nonrheumatic mitral insufficiency had calcification of the valve leaflets.
Conclusion
The presence of calcium in the mitral valve leaflets is diagnostic of rheumatic mitral valve involvement. The absence of calcification does not exclude a rheumatic etiology. Calcification of the mitral valve annultus is probably unrelated to the rheumatic process, more likely being the end result of a degenerative process.6
Valve Mobility and Appearance Eighteen of the 21 rheumatic valves could be evaluated for these criteria. Each of these was thickened or irregular. Seventeen of these valves either exhibited diminished motion or domed during diastole into the left ventricle. This appearance was seen only in association with rheumatic heart disease and was independent of the diastolic gradient. Two pat ents with rheumatic valves had excessive motion or eversion of the posterior leaflet during ventricular systole; however, in both cases there were calcifications present in the leaflet. In the nonrheumatic patients the leaflets appeared thin or filmy ( 13 patients) or could not be identified with certainty (three patients). In five of 10 patients with papillary muscle dysfunction, valve mobility was judged to be excessive, projecting behind the annulus during ventricular systole. In two patients with papillary muscle dysfunction and five of six patients with chordae tendineae rupture a valve leaf would appear to evert almost completely into the left atrium during ventricular systole. In every instance, except one, the visualization of an everting or excessively mobile leaflet correctly identified the abnormal leaflet.
In rheumatic mitral regurgitation the valve leaflets are almost always thickened and open during diastole with decreased motion (dome). Although not seen in these cases, thickening of the prolapsed leaflet may result from long-standing nonrheumatic insufficiency, possibly as a response to the turbulent regurgitant stream.7 Mitral leaflet mobility is usually abnormally great in nonrheumatic regurgitation with prolapse of the leaflet behind the annulus visible during ventricular systole. When excessive motion or prolapse of a leaflet is identified, a nonrheumatic etiology affecting that leaflet should be suspected.
Character of Regurgitant Jet
A regurgitant jet was visible in all cases studied. In 13 of the 16 cases of nonrheumatic insufficiency the jet was eccentric in direction. Twenty of 21 patients with rheumatic heart disease had a diffuse or primarily central jet. One rheumatic valve had a calcified everting posterior leaflet and an upward directed jet, whereas twxo other rheumatic valves exhibited jets that began centrally but shifted into an upward or downward direction in late systole. These findings are similar to the observation of marginal jets in mitral regurgitation reported by Raphael and associates. 4 With chordae tendineae rupture a portion of the mitral valve leaflet is unsupported during ventricular systole and prolapses into the atrium. This prolapsing leaflet may deflect the regurgitant stream resulting in eccentric regurgitation. When the anterior leaf is involved, the stream is generally directed inferoposteriorly.S Posterior-leaf involvement causes the jet to be directed in a superior direction against the atrial septUnm7 ( fig. 1 ). sole criterion, the affected leaflet was predicted correctly in the six cases of ruptured chordae.
Papillary muscle dysfunction probably produces eccentric regurgitation by a similar mechanism-that is, deflection of the regurgitant stream by the prolapsed portion of the valve leaflet ( fig. 2) . However, the direction of the jet correctly predicted the affected papillary muscle in only six of 10 patients with papillary muscle dysfunction in our series. This lack of specificity is due to the fact that each papillary muscle gives chordae to both mitral valve leaflets.
Twenty of 21 patients with rheumatic heart disease had central jets ( fig. 3) 
